Sterile, fresh concentrates of human red blood cells suspended in a specially designed sterile preservation medium have a stability of all six red blood cell parameters of over four months as measured in the Coulter Model S-Plus II. Substitution under sterile conditions of the unstable white blood cells for (commercially available) fixed (human) red blood cells is a well-established method to obtain simulated white blood cell suspensions of long-term stability.
Materials and methods CALIBRATION AND QC OF THE COULTER
S-PL us II Hb was calibrated with the international standard.P The other parameters were calibrated against the means of the Coulter counter values in the Ortho QC programme (Ortho Diagnostics, Beerse, Belgium) . These means were shown to be valid by the finding that the means of 100 normal outpatient values" closely corresponded to the means of the laboratories' reference values of these parameters. The Coulter counter was monitored with Hyland 8parameter control (Travenol Laboratories.P) MEASUREMENTS Mhcts were determined after spinning the blood in capillaries for 5 minutes at about 12000 g in a Hettich Mikro Rapid centrifuge. In the supernatants of spun blood, spectrophotometric ultramicrodeterminations of Hb (as cyanmethaemoglobin) were performed according to Rice.P Blood pH was measured in a Radiometer ABL-2 instrument and osmolality in a Knauer osmometer. Methaemoglobin was determined according to Fairbanks.P BLOOD PROCESSING Blood was collected in 75 ml acid citrate dextrose (ACD)-anticoagulant in a regular double plastic bag system. After centrifugation for 5 minutes at 5000 g the plasma and buffy coat were carefully pressed out in a Fenwal bag extractor.P Remaining wbc and platelets were then removed by filtration through cotton wool in a closed sterile 302 In flow haemocytometry there are two different approaches to intralaboratory quality control (QC*): either the analyses of patients' data or those of control samples may be used.' As these approaches have their advantages and disadvantages, a combination of both is advantageous.l-P Use of patients' data requires computer facilities to calculate the patients' mean parameters, moving averages, moving modes, etc. 1 -4 In this paper we will concentrate on the preparation and evaluation ofa human blood control.
As the haematological parameters in EDTAblood are stable for only a few days" artificial QC materials have to be used. A thorough search of the literature shows an amazing paucity of data on the characteristics" 7 let alone on the preparation of QC materials.' 7 8 Data on the preparation of QC materials may perhaps be found in the less accessible patent Jiterature.t ''' The (sole) use of commercial QC materials contributes to the ever growing dependency of medical laboratories on commercial firms. Moreover, the high cost of commercial controls inhibits their frequent use to assure optimal QC.
In this paper we describe and discuss a simple blood processing procedure to prepare a blood QC material and evaluate the results as measured in a Coulter counter Model S-Plus II.
system. We used the filter column from the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service (POB 9190), Amsterdam. This routine technique has been shown'" to be the method of choice for the preparation of wbc-free and platelet-poor rbc concentrates. After centrifuging and removal of the saline, the sterile preservation medium (see below) was added through a port in the bag using a standard connecting tube and site coupler.l" The final pH was 7·0. Under occasional mixing, aliquots of about 5 ml of the 'wbe'-rbesuspension were aseptically filled through the connecting tube into sterile 6-ml screw-capped glass bottles in a laminar flow cabinet. Blood cultures were found to be negative in a randomly chosen bottle.
THE PRESERVATION MEDIUM
All chemicals used were of analytical grade. The next preservation medium was prepared and sterilised at 120°C for 30 minutes: 5 mM Na.HPO., 30 mM K.HPO., 15 16 The final osmolality was measured (about 315 mOsm/kg) and set at approximately 300 by the addition of sterile distilled water.
Results
Figure} depicts the excellent stability of WBC, RBC, and rbe primary parameters and Mhct during a fourmonth period, automatically resulting in stability of the calculated parameters Chct (RBC x MCV), MCH (Hb/RBC), and MCHC (Hb/Chct). After this time the MCV gradually increases. WBC,16 RBC, and Hb values are unchanged even after eight months. All the parameters remained constant after mixing the 4-month-old blood on a roller mixer for 6 hours, showing good mechanical resistance and stability of the control. Figure 2 shows the supernatant Hb-concentrations in Mhct-tubes after centrifugation of a representative, normal EDTA-blood (kept at 4°C) (curve A) and of the described control (curve C) at different stages of the test period. Curve B represents supernatant Hb-concentrations as depicted by Spaethe," A yellow supernatant colour corresponded to a Hbconcentration of about 0·3 mM, a yellow-brown colour to approximately 0·6 mM Hb, a brown-red colour to about I-3 mM Hb. Higher concentrations of Hb showed red supernatants with progressively less sharp interfaces with the packed rbc due to increasing haemolysis. We consider supernatant Hb-concentration a good and practical criterion for rbc-stability, as the degree of haemolysis reflects the ability ofrbc-membranes to withstand the trauma of high centrifugal forces. . The main problems pertaining to the preservation of blood cells are: 1 wbe and platelets decrease in a few days'' and cause microaggregates.l" Formation of microaggregates can be avoided by removing wbc and platelets by filtration, as described in this paper," 2 It is common practice to store transfusion blood at 4°C. However, at this temperature the Na-K-ATP-ase pump is insufficiently active to maintain the normal cation-gradients in the rbc.!? Consequently, K-ions are expelled and Na-ions and water are taken up, resulting in rbe-swelling and thus a MCV (and haematocrit) increase.!" 3 Storage at 20°C or 37°C results in even quicker swelling of rbc? accompanied by a rapid darkening of the colour due to methaemoglobin formation (own experiments, not shown) . 4 Accumulation of lactate due to glycolysis, resulting in a pH decrease. Lactate leaves rbe only slowly through a carrier-mediated process" and therefore exerts an osmotic effect. 5 Gradually complete loss of ATP and 2,3-DPGP 6 Substitution of chloride ions for 2,3-DPG, also causing an osmotic effect since chloride exerts about 3·7 times the osmotic effect of 2,3-DPG.19 7 ATP-depletion leads to discocyte-echinocyte transformation, and ultimately echinocyte blebs start to bud off as spectrin-free vesicles.P" 21
1 Artificial particles None of the artificial spheres tried in the past, such as pollens; mould spores, yeast, polysterene latex or other plastic polymers, have proved suitable. 7 Moreover, it is necessary for several reasons that rbe in multiparameter quality control materials can be lysed. In blood flow cytometers the enormous mass of unlysable rbe-substitutes of approximately the same size as wbe would make measurement of wbe impossible. Hb determination of an added haemolysate would be seriously biased by light scattering. Furthermore, there would not be a check on the proper functioning of the lysing process. The very high cost of the artificial particles needed in such high quantities if they are to replace rbc is also disadvantageous. Finally, there might be a danger of clumping and possibly clogging of the apertures. This implies that the use of rbc is practically unavoida~le.
Aldehyde-fixedor glycerolised rbe
There are a number of disadvantages to the use of aldehyde-fixed rbc-7 such as a tendency to clump and to adhere to walls of containers, rbe-rigidity resulting in erroneously high Mhcts, and the danger of incomplete haemolysis during the very short lysing J • I .. --.
_.
shows the superior mechanical resistance of the described control.
Due to the gradual loss of 2,3-DPG, which occurs during storage of blood.l? the oxygen affinity of our control was markedly increased.P leading to a light red colour of the blood during the whole fourmonth period. However, methaemoglobin was gradually formed and amounted to about 7 % after four months in OUf control. After this period the colour of the control gradually darkened due to increasing methaemoglobin formation.
Discussion
Commercial interests and the many problems encountered in blood cell preservation-7 8 are probably the reason for the surprising scarcity of literature on the subject. Three per cent albumin was added for two reasons: firstly, to provide rbc with a protective coating;26 secondly, to simulate the viscosity of fresh blood. It is generally accepted that the ideal control should mimic the patient sample as closely as possible. " EDTA was added in a final concentration of 15 mM because this concentration is said to inhibit 75 % of vesicle-formation.P' However, there is a disadvantage in the use of such high concentrations of EDTA. It has long been known 27 that high concentrations of EDTA cause shrinkage of rbe in proportion to the excessive concentration of the anticoagulant. It is of practical interest that this phenomenon leads to erroneously low Mhcts but does not produce an error in Chct. The Chct is the correct value because the high dilution of blood in isotonic medium restores the shrunken red cells to their initial size. 27 This discrepancy prevents the Mhct being used as a primary method of calibration.
We found a Mhct of about 22 % against a Chct of 26 %. Subsequent studies (not shown) strongly suggest that high EDTA concentrations are not necessary to yield stable control values in the Coulter S-Plus II.
THE PRESERVATION MEDIUM
In this study we report the results of experiments in which monovalent cation exchanges due to gradients and concomitant MCV changes are avoided by suspending the freshly drawn rbc in a high potassium, low sodium medium of approximately the same concentrations as potassium and sodium concentrations inside the rbe. Preliminary tests showed that an impermeable osmotic substance in a fairly high concentration was necessary to counterbalance the impermeable Hb and other osmotically active substances such as lactate. Several substances are known to be impermeable to rbc (sucrose, mannitol, citrate 2425, etc). We chose mannitol because of its neutrality. Figure 3 shows the oncotic effect of mannitol and the relationship between the final mannitol percentage and the change of MCV; it can be concluded that a concentration of about 2·2 % mannitol will lead to a constant MCV during at least 25 days. period used in modern blood flow cytometers.P These facts may lead to loss of accuracy and precision. In fact undiluted fixed cells are not suitable for use in fully automated counters.' Low temperature preservation of rbc in glycerol leads to progressive lysis? and an, unphysiologically high and inconstant MCV (own experiments, not shown).
Outdated blood
The use of outdated bank blood has been advocated in the literature." 23 Washed, outdated rbe suspended in Isoton ® and substituted with aldehyde-fixedjrbc to simulate wbe 16 were successfully employed in the first author's laboratory for many years, allowing for the use of unlimited volumes of inexpensive daily QC material (unpublished). There are, however, some disadvantages to the use of outdated blood. Firstly, expired blood is more labile to the high centrifugal forces during a Mhct determination, causing considerable haemolysis and decreasing Mhct values. Secondly, after some three weeks the MCV of outdated rbe becomes progressively more sensitive to temperature influences and to mechanical stress during prolonged stay on a roller mixer. Thirdly, in modern so-called 8-parameter flow cytometers (which measure platelets simultaneously with wbe and rbe parameters) outdated blood is less suitable as a QC material due to interferences of rbe fragments in the platelet range. Studies on the addition of human platelets to the described 7-parameter (fresh) blood control are currently being performed in our laboratories. Because all the materials described above have more or less serious disadvantages, we studied the possibility of preserving fresh rbe without fixation.
CONSTANT HB-AND RBC-VALUES DESPITE

GRADUAL OXIDATION AND HAEMOLYSIS
In time gradual oxidation of Hb eventually leads to dark-coloured blood due to increasing met-Hb formation.t" However, Hb values remain constant for at least eight months as both Hb and the met-Hbs are converted to cyanmet-Hb.P 28 Likewise, haemolysis gradually increases both spontaneously and after high-speed centrifugation. Analogous to Gear's'" observations in a Celloscope counter, we found that under the geometric and electric current circumstances in the measuring apertures of the Coulter S-Plus II, rbc ghosts (lysed rbc) give MCVvalues considerably smaller than those of intact rbe. We found (not shown) MCV-values in the 50-70 fl range in water-induced rbc-haemolysates, However, addition of (solid) sodium chloride (9 mgjml) resulted in a MCV-shift to the right of about 12 fl, confirming that MCV is also dependent on the salt concentration of the suspending medium.P As 'pulses from the rbe-bath representing cells 36 fLm 3 and greater are classified as red cells,'30 haemolysis does not affect RBC. This explains why RBC are constant for eight months and probably much longer.
The above results show that the proposed high potassium, low sodium medium in combination with 2·2 % mannitol for osmotic balance is a suitable preservation medium for freshly drawn rbe, particularly for maintaining a constant MCV. To the best of our knowledge this has never been described before. Thus fresh rbc provide a suitable 7-parameter control blood in combination with fixed rbc, which had already been shown to be stable wbc-substitutes.!" CALIBRATION AND QC The availability of the described control makes it possible to implement the internal quality assurance protocol advocated by Gilmer.31 Once the calibration of the instrument has been performed according to the method used in this paper or to one of the procedures described by Gilmer.i" an inexpensive, independent source of cell control of medium-term stability is available to check the 'primary calibration material' for any deterioration or vial variances. After removal of the plasma proteins from different blood units, rbe with different antigenic make-up can be mixed with no apparent damage to the cell membranes.f This provides quantities of control blood large enough to minimise the frequency of handover from old hatches to new ones, to monitor frequently drift and other gradual malfunctions, and to trace promptly any abrupt instrument failures.
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